The Emperor asked, "When a child in arms has a 'wind within' and fever, when its breathing is troubled and it wheezes while resting its shoulders, what is then the condition of the pulse?" Ch'i Po answered: "When there is troubled breathing and wheezing while resting the shoulders, the pulse is large and full. When it is slow it means life; when it is rapid it means death…. Those who do not rest and whose breathing is noisy have disorders in the region of the Yang Ming (the 'sunlight')." (1) -Huang Ti (2698-2598 bce)
tions. A liberal interpretation of the medical literature identifies the first clinical description of a subject with presumed asthma in a Chinese textbook of internal medicine from around 2600 bce (1-3). The word asthma derived from the Greek word meaning "to exhale with open mouth, to pant" and appeared in the English language, as we know it today, around 1600 (4, 5) . Up until the mid-1600s, asthma was a nonspecific descriptor of any clinical condition associated with dyspnea. In 1662, the Belgian physician Jean van Helmont, who suffered from asthma, provided a detailed account of the asthma phenotype and offered one of the first pathophysiologic mechanisms of asthma: "the lungs are contracted or drawn together" (3, 5) . Asthma was clearly distinguished from other respiratory disorders in 1698 by the English physician Sir John Floyer. Dr. Floyer, who developed asthma following a respiratory infection, provided detailed accounts of asthma signs and symptoms, treatment, prevention, and prognosis. He also described a hereditary component of asthma, and numerous exacerbating factors such as air pollution, infection, cold air, exercise, sleep, psychological stress, and tobacco smoke, and astutely observed the benefits of clean air and environmental change.
By the early 1900s, the physiologic process of bronchial narrowing from constriction of airway smooth muscle had been experimentally documented, and Brodie and Dixon proposed that this process caused asthma (6) . In support of this possibility, individuals with asthma were later documented to show an exaggerated bronchoconstrictor response to a variety of agents (7) . Indeed, airway hyperreactivity is now a critical component in the consensus definition of asthma and remains a major focus of asthma research. Because this airway hyperreactivity could not consistently be associated with inherent differences in airway smooth muscle behavior between subjects with asthma and normal subjects, it was proposed that "extra-muscular" events caused the development of airway hyperreactivity in asthma and other chronic inflammatory airway diseases (8) . Indeed, the development of airway hyperreactivity in other conditions, such as acute and chronic bronchitis, has led to proposals of a shared pathogenic mechanism between asthma and other airway inflammatory diseases and conditions (9) (10) (11) .
Some recent studies have identified differences in airway smooth muscle cells in animal models of asthma and human subjects with asthma. For example, subjects with asthma have increased levels of smooth muscle myosin light chain kinase (a member of the smooth muscle cell contractile apparatus) and decreased levels of CCAAT/enhancer binding protein a (a transcription factor implicated in the control of smooth muscle cell proliferation) (12, 13) . These new findings suggest that inherent differences in the smooth muscle of individuals with asthma may also contribute to increased degrees of bronchoconstriction in asthma, but as developed below, the major focus of further asthma research was aimed at other factors that might influence the function of airway smooth muscle as well as other cell types that control airway behavior.
NERVOUS SYSTEM PARADIGM
The search for factors that control airway caliber began at least by the late 1600s. At that time, a new model was put forth that extended the bronchoconstrictor paradigm; an abnormal nervous system was postulated to cause bronchial constriction and mucosal edema. In 1684, Thomas Willis proposed that asthma was "stirr'd up by the default partly of the Lungs illfram'd and partly by default of the Nerves and nervous Fibers appertaining to the breathing parts." (14) . Although originally described in the seventeenth century, this neurogenic hypothesis did not gain much popularity until the descriptions by the English physician Henry Hyde Salter. Dr. Salter suffered from asthma after acquiring whooping cough in his infancy, and in 1868 he proposed that a "perverted nervous action" was the underlying pathophysiologic mechanism that caused the airways to constrict. He also noted a strong association between asthma and hay fever and the importance of inhaled environmental irritants in precipitating paroxysms of asthma (15, 16) . This model for asthma pathogenesis remained popular throughout the first part of the twentieth century and continues in some aspects to the present day (17, 18) .
Over the past century, work in the field of respiratory neurobiology has determined that the lungs are innervated by the sympathetic, parasympathetic, and nonadrenergic noncholinergic (NANC) nervous systems. In general, the bronchial tone of the airway is determined, at least in part, by a balance of bronchodilating and bronchoconstricting influences of these three systems. Although the sympathetic nervous system has little, if any, direct innervation of the airways, the bronchial smooth muscle cells contain ␤ 2 -adrenergic receptors that are activated by circulating catacholamines to produce smooth muscle relaxation and bronchodilatation. By contrast, the parasympathetic nervous system directly innervates the airways and activation of this system (at least in some species) results in bronchoconstriction and increased mucous secretion. With these opposing physiologic responses in mind, models that incorporate either a relative deficiency of ␤-adrenergic bronchodilator action or an overactive parasympathetic nervous system were both proposed as the cause of the abnormal bronchoconstriction in asthma (19, 20) .
Interest in the neurogenic paradigm continues in large part from the relatively recent discovery for the influence of the NANC nervous system on airway behavior. The NANC afferent nerves are nociceptive sensory nerves that respond to noxious stimulants and upon activation release a series of excitatory neuropeptides (tachykinins, calcitonin gene-related peptide, and gastrin-releasing peptide). These excitatory neuropeptides are capable of causing bronchoconstriction, vasodilatation, and mucus secretion (21, 22) . In addition, NANC efferent nerves can release inhibitory neuropeptides (vasoactive intestinal peptide, peptide with histidine at the N-terminal and methionine at the C-terminal and nitric oxide) that can result in bronchial and vascular dilation. The primary role of the NANC nervous system in asthma pathogenesis still needs to be defined, but models have been proposed that attribute asthma pathogenesis to an imbalance of excitatory and inhibitory NANC neuropeptides (23, 24) . This topic also remains of interest as a cause of cough, both in the context of treatment with ACE inhibitors and during airway inflammation.
ALLERGIC PARADIGM
The allergic paradigm for asthma was likely first proposed because of clinical and histopathologic similarities between asthma and allergic conditions. In particular, there is clear overlap in the clinical manifestations of asthma with those of allergic rhinitis (hay fever) and anaphylaxis. In addition, the high incidence of allergen skin-test reactivity and tissue eosinophilia in both asthma and allergic diseases further supports the concept that asthma itself is an allergic disease. Even today, asthma and allergy remain closely linked, and this association has often placed asthma and its pathogenesis within the spectrum of research on allergy.
The proposal that asthma should be considered an allergic disease took scientific shape in the early twentieth century. In 1906, experimental exposure to purified allergens was found to reproduce the symptoms of hay fever and so established this condition as an allergic hypersensitivity to foreign antigen (25, 26) . By extrapolation, allergy was also considered to drive asthma pathogenesis, because exposure to inhaled allergen was associated with asthma exacerbations. Although the initial experiments that reproduced the anaphylactic response were performed in 1839, the word anaphylaxis was not formally introduced until 1902, when it was used to describe the response to antigen challenge in a previously sensitized animal (27) (28) (29) . Shortly thereafter, Samuel Meltzer reported that sensitization and subsequent challenge of a guinea pig produced a lethal anaphylaxis model. In this model, the pathologic findings of constricted and edematous airways were strikingly similar to asthma, thus leading to the conclusion that asthma was an anaphylactic phenomenon (30, 31) .
These experimental observations were quickly translated into studies of human subjects. Skin-test reactivity to specific antigens could be associated with allergen-induced exacerbations of asthma (25) , and eosinophil recruitment, a hallmark of an allergic response, was identified in the sputum, blood, and airways of subjects with asthma (18, 32, 33) . Allergen skin-testing not only aided the physician in diagnosing an allergic diathesis but also enabled the use of environmental avoidance and allergen desensitization to treat allergic disease (33) (34) (35) . At this time, the allergic paradigm had developed to the point where it was felt that asthma attacks occurred in sensitized subjects but that some other factor was also needed to precipitate an asthma attack.
Analysis of the precipitating factors for asthma soon indicated that some subjects with asthma exhibited an allergic diathesis, whereas other subjects did not. From a case series of 648 individuals with asthma, subjects were broadly categorized as having either extrinsic or intrinsic asthma depending on the origin of the precipitating factor (36) . Extrinsic asthma occurred in hypersensitive subjects, and exacerbations were induced by exposure to inhaled allergens that originated from outside the body. This condition was also associated with hay fever, skin-test reactivity, sputum eosinophils, a genetic predisposition, and sensitivity to inhaled animal dander, pollen, or vegetable dust. Alternatively, intrinsic asthma was precipitated by something inside the body, rather than an extrinsic allergen, and was associated with respiratory infection (bacterial or viral), a reflex from upper airway irritation, or neurosis such as anxiety (36) . This clinical classification scheme suggested the possibility that asthma is a heterogeneous disease, and indeed, the relative contribution of allergic and nonallergic mechanisms to asthma pathogenesis remains an active area of research.
A seminal event in the definition of allergy came with the discovery and characterization of immunoglobulin (Ig) E. Based on what we might now call passive transfer experiments, IgE was originally described as a humoral factor (designated "reagin") that could transfer specific allergen sensitivity to a nonallergic individual (37) . The protein was finally purified in 1966 and later was found to be a product of B cells. Functional studies demonstrated that IgE was capable of stimulating mast cells and basophils to release mediators that could produce some of the pathophysiologic features of asthma. Findings for IgE-dependent release of histamine, leukotrienes, prostacyclins, and cyto-kines from mast cells and basophils provided a critical step toward establishing the role of cellular mediators in asthma pathogenesis (38) .
MEDIATOR PARADIGM
The mediator paradigm for asthma derived from the proposal that specific cellular mediators are the critical agents that produce the downstream cellular processes responsible for the asthma phenotype. Rapid advances in protein and lipid biochemistry allowed for the purification, synthesis, and detection of these biologically active agents as well as the development of specific inhibitors. The ability to experimentally manipulate these mediators during in vitro and in vivo experiments provided a powerful new approach to define the cellular mechanisms that resulted in bronchoconstriction, vasodilatation, increased capillary permeability, and enhanced mucous secretion. The search for asthma mediators as well as specific and therapeutic inhibitors of mediator action continues in earnest today.
Perhaps the earliest proposal for a mediator of asthma was histamine. As noted above, histamine was implicated in asthma pathogenesis because increased histamine levels were present in animal models of allergic anaphylaxis (27, 39) , blood cells from sensitized subjects released histamine in response to allergen (40) , and the manifestations of allergic asthma could be imitated by administration of histamine (41) . However, it became evident that histamine could not account for all of the manifestations of allergy. Additional effects were attributed to a slow-reacting substance of anaphylaxis (SRS-A) that could cause the pathophysiologic abnormalities of anaphylaxis and, like histamine, could also cause bronchoconstriction, increased capillary permeability, increased mucous secretion, and enhanced eosinophil recruitment. Pioneering studies by Charles Parker, Robert Orange, and others eventually gave way to lipid biochemistry by Matts Hamberg, Bengt Samuelsson, and others that led to the discovery of a family of arachidonic acid products designated as leukotrienes (42) . The development and application of high-performance liquid chromatography and gas chromatography-mass spectrometry allowed for the structural elucidation of cysteinyl leukotrienes and their identity as the SRS-A (43, 44) .
Additional research has subsequently identified series upon series of lipid, protein, peptide, nucleotide, and nucleic acid mediators implicated in asthma pathogenesis. These discoveries often led to the development of molecular cascades that attempted to define the time course of mediator generation, release, and action (45) . Collectively, the framework of the mediator paradigm led to the identification of specific targets involved in asthma pathogenesis. Importantly, this paradigm shifted the research focus of asthma pathogenesis from pathophysiologic processes (such as bronchoconstriction, mucous hypersecretion, and edema) to the biochemical signals that caused these abnormalities. The next paradigms for asthma pathogenesis tried to integrate these cell and molecular events with the growing fields of immunology, microbiology, and genetics.
INFLAMMATORY PARADIGM
Perhaps the most widely accepted paradigm for asthma pathogenesis is one based on airway inflammation. This paradigm rests on the proposal that excessive and possibly inappropriate airway inflammation is the major pathophysiologic process that drives the asthma phenotype. As developed below, this concept was formalized in animal models of asthma, but before and certainly after this experimental work, several lines of evidence from human subjects also supported the role for airway inflammation in asthma pathogenesis. Thus, tissue from autopsy cases and later through fiberoptic bronchoscopy invariably demonstrated airway mucosal inflammation in subjects with asthma. In addition, the extent of airway inflammation often correlated with exacerbations of asthma and disease severity. Moreover, anti-inflammatory treatment with glucocorticoids often decreased airway inflammation and improved manifestations of asthma, while discontinuation of anti-inflammatory treatment often led to increased mucosal inflammation and worsening of asthma traits.
We typically assign the origins of the inflammatory paradigm of asthma to the early 1980s, and indeed this was the time when the model was formally developed. One of the first studies that quantified the degree of experimental airway inflammation also suggested that nonallergic inflammation directed by airway epithelial cells may be responsible for airway hyperreactivity (46) . While these observations and others served to focus modern asthma research on inflammation in first broad and then narrow strokes, previous work as early as 1868 had also incorporated vascular and inflammatory abnormalities as an inciting process in asthma pathogenesis. At that time, Dr. Salter wrote that "…the inflammation or congestion of the mucous surface appears to be the stimulus that, through the nerves of air-tubes, excites the muscular wall to contract" (15, 16) . The presence of airway inflammation was also described in detail in a large autopsy series of subjects that died from status asthmaticus in 1922. This series described the clinical presentation and classic histopathologic features of asthma that include: hypertrophy of the bronchial glands and muscles, thickening of the basement membrane, airway epithelial cell injury, mucous cell metaplasia, and leukocyte accumulation in the subepithelial and epithelial layers of the airway. These inflammatory cells included eosinophils as well as neutrophils, small mononuclear round cells (likely lymphocytes), and large mononuclear pigmented cells (likely macrophages). In this series, not all subjects were found to have eosinophilic infiltration of the airways, suggesting to the authors that there may also be nonallergic subtypes of asthma (32) .
The development of the inflammation paradigm was dependent on characterizing the immune cell infiltrate into airway tissue and so was significantly advanced by the use of fiberoptic bronchoscopy. This approach provided a relatively noninvasive tool that enabled researchers to sample and analyze lung tissue and bronchoalveolar lavage fluid from living subjects with asthma. In addition, the use of bronchoscopy in research allowed for comparison of airway samples from individuals with different disease severity (mild to severe), disease activity (stable versus flare), treatment modalities (on versus off glucocorticoid treatment), and experimental interventions (pre-versus post-allergen challenge). In general, these studies confirmed previous autopsy findings by demonstrating the presence of mucosal inflammation in subjects with asthma (47, 48) . In addition to the presence of mucosal inflammation, in some studies the extent of inflammation correlated with disease severity (49) and the inflammatory cell accumulation was increased during spontaneous and experimentally induced flares (50) (51) (52) .
Of particular interest to the issue of airway inflammation was (and still is) better definition and understanding of the mechanisms responsible for the beneficial actions of glucocorticoids in asthma. Indeed, early studies of glucocorticoid effect on airway tissue helped to develop the concept that inflammation was an important cause of the asthma phenotype. For example, experimental exposure of sensitized individuals with asthma to inhaled allergens can produce a delayed phase of airflow limitation, referred to as the late asthmatic response (53) . Bronchoscopic studies indicated that this late response is also associated with the accumulation of inflammatory cells and bronchospastic mediators, and that glucocorticoids can blunt both the accumulation of inflammatory cells and airflow limitation associated with the late response (54) (55) (56) . Furthermore, glucocorticoid administration decreases the inflammatory cell accumulation in the airway in naturally occurring asthma, and this decrease in inflammatory cell accumulation correlates with improved airway hyperreactivity and symptoms (57) . Conversely, withdrawal of glucocorticoids can result in increased mucosal inflammation and worsening of airway hyperreactivity and asthma symptoms (58) (59) (60) (61) . These relationships between anti-inflammatory treatment, extent of inflammation, and disease symptoms provided additional proof-of-concept to support the role of airway inflammation as a major factor in asthma pathogenesis.
TH2-STYLE INFLAMMATORY PARADIGM
Coincident with mucosal inflammation being identified as a key component of asthma pathogenesis, it also became evident that there were distinct patterns of airway inflammation. Based on the behavior of the adaptive immune response in mice, these inflammatory patterns were categorized as T helper type 1 (Th1) or type 2 (Th2), and were distinguished from each other by development of distinct subsets of CD4 ϩ T cells (62) . This phase of asthma research (which is still developing) is highly influenced by immunology and immunogenetics developed in the murine system. In that system, the Th2 inflammatory pattern is driven by interleukin (IL)-4 and is characterized by CD4 ϩ T cell secretion of IL-4, IL-5, and IL-13, plasma cell production of IgE, and eosinophil infiltration of airway tissue. This type of response is often typical of parasitic infection. By contrast, the Th1 inflammatory pattern is driven by IL-12 and is characterized by CD4 Evidence of a Th2 inflammatory profile in samples from subjects with asthma led to the Th2 hypothesis for asthma (63) . In simple terms for what is an extremely complex system, this hypothesis states that predisposition to a Th2 response allows for the production of cytokines that produce the asthma phenotype. The cellular source for cytokine production may be CD4 ϩ T cells or NKT cells, although other immune cells (e.g., mast cells or eosinophils) may also produce the same types of cytokines. An extension of this proposal (the so-called hygiene hypothesis) has been put forward to account for the increasing frequency of the excessive and persistent Th2 inflammatory phenotype found in the population. The hygiene hypothesis suggests that a combination of cleaner environment and the use of vaccines and antibiotics have resulted in the persistence of a sustained newborn-like immune response that is primarily skewed toward Th2 behavior. Thus, the relatively sterile environment of the newborn prevents the normal maturation of the immune response from an early Th2-prone response (seen at birth) to a Th1 response (seen after infancy).
Although these ideas remain intriguing, other work has repeatedly challenged the hygiene proposal as an oversimplification of the role of the IFN-signaling pathway (64) . Moreover, the presence of a dichotomous CD4 ϩ T cell response has not been clearly demonstrated in humans. Indeed, there is some evidence that both Th1 and Th2 cytokines may be overproduced in asthma and that Th1-style signaling is increased in the airway epithelium of subjects with asthma (65) (66) (67) . Furthermore, pharmacologic agents that have clear benefits, such as glucocorticoids, appear to actually skew the immune response toward a Th2 response, and trials aimed at inhibiting Th2 cytokines or augmenting a Th1 immune response have demonstrated a decrease in eosinophils but no change in airway hyperreactivity or asthma symptoms (68) (69) (70) .
INNATE IMMUNE PARADIGM
The possibility that asthma may also be influenced by the innate immune system derived from the observation that mucosal epithelial cells could produce inflammatory mediators and cytokines that direct immune cells into the airway tissue. Subsequent work indicated that the adaptive immune response requires additional signals to ensure an appropriate response toward pathogens rather than self or innocuous environmental antigens. The innate immune response appears to provide these additional signals (71) . Although definitive proof is still forthcoming, it has been widely accepted that the airway epithelial cell actively orchestrates immunity and inflammation. Support is provided by evidence of epithelial production of immunomodulatory glycoproteins, lipids, and cytokines that provide regulatory signals for immune cell traffic and activation in the airway. Specific classes of airway inflammatory proteins that are generated by the airway epithelial cells in the setting of asthma include cell adhesion molecules (such as ICAM-1), chemoattractant cytokines (such as CCL5), and other cytokines (such as IL-12 p80). The same profile of cellular activation is found during the antiviral response, leading to the suggestion that asthmatic inflammation derives from an attempt to evolve a more robust antiviral program. Evidence for altered IFN signaling in the epithelium in asthma further supports this possibility (67) . Some have proposed that the innate immune paradigm for asthma pathogenesis may also include other cells of the innate immune system (e.g., macrophages, NK cells, and possibly smooth muscle cells), so these cell populations could also provide inflammatory signals that contribute to asthmatic airway inflammation (72) (73) (74) .
Recognition of the role of innate immunity in the development of asthma has also led to a broader attempt to reconcile some of the inconsistencies for the Th2 hypothesis for asthma. Thus, animal models have demonstrated that at least some components of a Th1 immune response are required for the development of a Th2 immune response (75, 76) , and components of the Th1 as well as the Th2 immune response are increased in subjects with asthma (65, 66) . In addition, respiratory viral infections that classically activate Th1 responses and serve as an acute trigger of asthmatic attacks, now appear to have the capacity to produce a chronic asthma phenotype, at least experimentally in the genetically susceptible host (77, 78) . In at least one circumstance, it appears that viruses can use a hit-and-run strategy to permanently alter host immune behavior toward an asthma phenotype (79) . Extensions of this concept to studies of asthmagenic viruses (such as respiratory syncytial virus and human metapneumovirus) have raised the possibility of modifying immune signaling to provide an advantage to the host over the virus (80, 81) . To incorporate these new observations of airway behavior into previous ones, and especially to include abnormalities in airway epithelial behavior and antiviral response as well as allergic predisposition, additional paradigms are needed and are being developed (73) . To be fully satisfactory, these new paradigms must also incorporate genetic susceptibility to the development of asthma.
GENETIC PARADIGM
The genetic predisposition to asthma has been described for at least three centuries and has since been repeatedly analyzed in more formal studies. In recent times, the approach to genetic studies of asthma has relied on population studies to link specific The bottom left panel illustrates how increases in Th1-like antiviral signals (e.g., Stat1 activation and IL-12 p80 expression) in epithelial cells and allergen-driven production of Th2 cytokines (e.g., IL-4, IL-5, IL-9, and IL-13) in immune cells are characteristic of subjects with asthma (designated as an "A") studied under stable conditions. The bottom right panel illustrates how further increases in epithelial signaling (driven by viral infection) or Th2 cytokine production (driven by further allergen exposure) may develop in subjects with asthma during a flare induced by natural stimuli or by withdrawal from glucocorticoid treatment. In addition, the underlying development of chronically abnormal cellular behavior may depend on respiratory viral infection (and perhaps other environmental stimuli) and a subsequent host response determined by specific genetic programming. The combination of epithelial, viral, and allergic components (as well as the epigenetic characteristics of the process) led to designation of this pathogenesis scheme as an Epi-vir-all paradigm. Modified from Ref. 73. chromosomal regions and in turn specific genes to the asthma phenotype. Early studies focused on specific candidate genes (generally identified from cell and molecular biology experiments), whereas later studies have considered more global analysis such as whole genome scans (at least in experimental systems). These approaches to the analysis of complex diseases, including asthma, have been recently reviewed (9) , and have made the point that new thinking is necessary to approach this problem. This change has come about with the recognition that each genetic abnormality may only be contributing a small fraction to the overall asthma phenotype, and these variations must be interpreted in the context of how the genome is inherited in blocks (i.e., as haplotypes). In addition, there are critical genegene and gene-environment interactions that must be taken into account in the analysis of the genetic basis of complex disease (9) . Nonetheless, while difficult to approach from a biologic and computational standpoint, new genetic tools have allowed for further progress. As primary examples, an expanding library of single nucleotide polymorphisms (SNPs) can be used as informative markers of linkage disequilibrium. In addition, the annotation of the genome for humans and other species relevant to experimental models of asthma (e.g., mice, monkeys, and rats) continues to become more comprehensive and so further aids positional cloning and analysis of asthma genes. Techniques combining genetic mapping with gene expression analysis (e.g., by oligonucleotide and chromosomal microarray) are also being applied.
To date, at least 64 human genes have been identified that associate with asthma (82) . However, only a small subset of these genes have reproducibly demonstrated positive associations in separate populations and even fewer have demonstrated a change in protein expression in individuals with asthma or an asthma phenotype in animal studies (83, 84) . Nonetheless, some interesting developments have already proven useful. For exam-ple, the ␤ 2 -adrenergic receptor has exhibited genetic and corresponding functional diversity that appears to translate into variable responsiveness to treatment with ␤-adrenergic receptor agonists (85, 86) . In addition, early studies in experimental models have indicated that the complex phenotype of asthma can be segregated into individual traits suitable for genetic mapping (73) . Other experimental studies indicate that susceptibility to development of the asthma phenotype can be genetically defined, e.g., in the case of the virus-induced asthma phenotype. The development and use of inbred, crossbred, and congenic strains of mice are critical for these types of studies. The genetic approach will no doubt be further refined and so lead to new insights into asthma pathogenesis, but it has been and will continue to be critical to define the asthma phenotype in terms of specific and quantifiable traits.
SUMMARY
Over the past 100 years, a series of models have been proposed to account for the pathophysiologic abnormalities of asthma (summarized in Figure 1) . Consistent with the nature of asthma as a complex disease, the models for asthma pathogenesis have also become increasingly complex. Nonetheless, there has been marked progress in defining cellular and molecular mechanisms of normal and abnormal airway behavior. Research has moved from a descriptive functional approach to one that relies on cellular and molecular biology, immunology, microbiology, and genetics/genomics as well as pathophysiology. These disciplines have moved current efforts to define asthma heterogeneity in quantitative and molecular terms and to determine the precise role of the airway inflammation that likely accounts for disease initiation and progression. Current proposals are attempting to incorporate the influence of the innate and adaptive immune systems as well the role of host genetics and environmental stimuli, particularly viral infection. Considerable progress has been made and is continuing at an accelerating pace. We submit that advances in genetics, genomics, proteomics, and lipidomics will further aid in the identification and characterization of distinct mechanistic pathways for driving the asthma phenotype, and that these will provide better biomarkers for the various populations with asthma as well as more effective asthma prevention and treatment regimens.
